We examined functional and mechanistic aspects of sperm competition in the bearded tit by determining (1) the variation in copulation rate between birds breeding alone or with other males present, and (2) the number of sperm present in the female reproductive tract estimated from the number of sperm trapped on the perivitelline layers of eggs. Females copulated at a higher rate with their partner when other males were present, but this did not translate into more sperm on eggs, possibly because insemination rates exceeded the female's sperm storage capacity. The rate of sperm loss from the female's reproductive tract, which is an important variable of sperm competition models, was obtained for the first time for a wild bird and was relatively high compared with other birds. This suggests that bearded tits copulate frequently because a single insemination is insufficient to fertilize the whole clutch, and females thus have to copulate during the egg-laying period to avoid infertile eggs. This finding is the first empirical support for the fertility insurance hypothesis. In line with this we discuss the significance of the interspecific variation in rate of sperm loss in relation to mating strategies in general, and the evolution of multiple mating rather than improved sperm storage in bearded tits with particular regard to the pronounced extrapair copulation behaviour of females.
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The majority of birds copulate several times through their fertile period (Birkhead et al. 1987) , even though, in several species, a single insemination is known to provide sufficient sperm to fertilize an entire clutch (Howarth 1971; Lake 1975; Birkhead et al. 1989; Birkhead & Møller 1993) . Explanations for multiple within-pair copulations include the fertilization hypothesis (Birkhead et al. 1987) and the sperm competition hypothesis (Parker 1970) . The fertilization hypothesis states that in order to ensure fertilization of all their eggs females copulate several times per clutch with their partner and/or engage in extrapair copulations (EPC) to avoid the risk of the partner being infertile. Alternatively, sperm competition theory has interpreted this behaviour as a female's effort to increase the quality of her offspring by allowing different males' sperm to compete for fertilization success. The implicitly assumed passive role of the female in this process has only recently been questioned and models have been proposed to explain how females might exert control over the paternity of their offspring. This could work either behaviourally before copulation or through anatomical and physiological means after insemination. An important prerequisite for females to select ejaculates (Wishart & Steele 1990) are sperm storage tubules located at the uterovaginal junction (Bobr et al. 1964) which release spermatozoa at a constant rate (Martin et al. 1974; Birkhead et al. 1995; Colegrave et al. 1995) . Despite an increasing number of studies on the topic (Birkhead & Hunter 1990; Lessels & Birkhead 1990; Briskie & Montgomerie 1993) , however, the proximate mechanisms of sperm storage, sperm use and their impact on paternity control are only poorly understood.
The rate of loss of sperm from the female's reproductive tract can be estimated indirectly by recording the number of sperm on the perivitelline layer of successively laid eggs (Wishart 1987) . Investigations conducted on domestic fowl, Gallus gallus domesticus (Brillard 1993) have shown that the number of sperm inseminated into the female's reproductive tract is positively and linearly correlated with the log (number of sperm stored in the sperm storage tubules), which in turn is reflected in the number of sperm on the perivitelline layer (Wishart 1987; Brillard Correspondence: A. Sax, Konrad Lorenz Institut für Vergleichende Verhaltensforschung, Savoyenstr. 1a, 1160 Vienna, Austria (email: a.sax@klivv.oeaw.ac.at 
